Edited by Jennifer Lippincott-Schwartz, National Institutes of Health, Bethesda, MD, and approved March 12, 2012 (received for review November 6, 2011) Cellular membranes are heterogeneous in composition, and the prevailing theory holds that the structures responsible for this heterogeneity in vivo are small structures (10-200 nm), sterol-and sphingolipid-enriched, of different sizes, highly dynamic denominated rafts. Rafts are postulated to be platforms, which by sequestering different membrane components can compartmentalize cellular processes and regulate signaling pathways. Despite an enormous effort in this area, the existence of these domains is still under debate due to the characteristics of the structures itself: small in size and highly mobile, which from the technical point of view implies using techniques with high spatial and temporal resolution. In this report we measured rapid fluctuations of the normalized ratio of the emission intensity at two wavelengths of Laurdan, a membrane fluorescent dye sensitive to local membrane packing. We observed generalized polarization fluctuations in the plasma membrane of intact rabbit erythrocytes and Chinese hamster ovary cells that can be explained by the existence of tightly packed micro-domains moving in a more fluid background phase. These structures, which display different lipid packing, have different sizes; they are found in the same cell and in the entire cell population. The small size and characteristic high lipid packing indicate that these micro-domains have properties that have been proposed for lipid rafts.
fluctuation spectroscopy | lipid packing defects | membrane microdomains M embrane microdomains in vivo (rafts) are postulated to be part of a mechanism for fine-regulating a range of biological processes driven by transduction pathways, where the first step involves a protein-membrane interaction. Many authors have discussed the composition, distribution, and significance of the existence of lipid rafts in biological membranes; however, their existence in vivo is still controversial. At the Keystone Symposium on Lipid Rafts and Cell Function in 2006 (1) rafts were defined as small (10-200 nm), heterogeneous, highly dynamic, sterol-and sphingolipid-enriched domains. Because these domains are small and transient, the study of membrane lateral organization requires the use of techniques with simultaneous high spatial and temporal resolution (2) . The focus of this article is using a fluorescent probe that is sensitive to lipid packing in combination with scanning fluorescence correlation spectroscopy (FCS) that has very high temporal and spatial resolution.
Several techniques have been used to demonstrate the existence of rafts in vivo with different degrees of success. Methodologies as homo-and hetero-transfer, fluorescence polarization anisotropy, FCS, total internal reflection (TIRF), single-molecule and the super resolution techniques stimulated emission depletion (STED), photo-activated localization microscopy (PALM), and stochastic optical reconstruction microscopy (STORM) have been used to look for the elusive lipid rafts. All these techniques (and combination of them) support the existence of nano-domains and the fundamental role played by cholesterol (2, 3) .
Traditional Laurdan generalized polarization (GP) imaging visualizes lipid domains with different packing degree if their size is above the micrometer range. However, Laurdan GP imaging alone does not seem to be equally useful in the quest of a signature of membrane heterogeneity in vivo at the subdiffraction scale. In erythrocytes (4), HeLa (5), and Chinese hamster ovary (CHO) cells (6) Laurdan GP images show a plasma membrane homogeneous in GP value without macrodomains segregation. One case has been reported where macrodomains were visualized using GP imaging and 3D projection analysis in machrophages. However, as pointed out by the authors, this may be a particular case (7). Celli et al. added to the high spatial resolution of Laurdan GP imaging the high temporal resolution of scanning FCS. This combined methodology was successfully used to characterize the formation of submicrometric lipid domains in secondary lipid mixtures by detecting GP fluctuations at the transition temperature (8, 9) . In this report we use this combined methodology to detect GP packing fluctuations in biological membranes.
Detecting Laurdan GP Fluctuations
Laurdan, a membrane dye synthesized by Gregorio Weber in 1979, presents a large excited state dipole moment, which results in its ability to report the extent of water penetration into the bilayer surface due to the dipolar relaxation effect (10) . Because water penetration has been correlated with lipid packing and membrane fluidity (11) , Laurdan has been extensively used in membrane studies. A full discussion on the use and significance of GP Laurdan measurements (11, 12) and the combined use of FCS and Laurdan GP can be found in the literature (8, 9) . The diagram in Fig. 1 explains the concept of Laurdan GP ( Fig. 1 A  and B ) and the rational for using the Laurdan GP fluctuations measurements (Fig. 1C) . The emission spectrum of Laurdan within a single phospholipid bilayer is centered at 490 nm when the lipids are in a disordered phase (Fig. 1A) and is shifted to the blue (around 440 nm) when the lipids are in a more packed phase (Fig. 1B) . The GP function (13) , GP ¼ ðI 440 − I 490 Þ∕ ðI 440 þ I 490 Þ, gives a mathematically convenient and quantitative way to measure the emission shift.
The combined use of FCS and Laurdan GP measures the fluctuations of the GP value in the membrane. Fig. 1C schematically explains the origin of these fluctuations. Laurdan molecules (small black dots) distribute homogeneously in the lipid bilayer and move freely. If a Laurdan molecule (molecule 1) moves in a homogeneous disordered phase (for example, the l d phase), its emission spectra (color) will not change; the response to membrane packing is the same along its trajectory. If the Laurdan molecule (molecule 2 in Fig. 1C ) moves in a homogeneous fluid phase, but it crosses an area (domain) where the lipids are more packed, the molecule's dipole will sense this difference and its spectra (color) will change when the molecule enters and leaves the domain. Changes in packing at the nanoscale have a minor effect on the average diffusion of Laurdan in the membrane (D Lau parameter will not change), but the GP value fluctuates as the molecule enters and leaves the small domain. Consequently, in the scheme shown in Fig. 1C , fluctuations in GP value will be observed for molecule 2 but not for molecule 1.
Classical autocorrelation and cross-correlation analysis applied to the Laurdan intensity fluctuation measurements give information about molecules moving in and out of the illumination volume, but they cannot report changes in lipid packing at the nanoscale. Here we are not interested in the diffusion of Laurdan molecules, because the Laurdan fluorescence intensity per se is not informative of the lipid packing; instead we measure the fluctuation of the GP because the spectroscopic parameters report on the local packing of the membrane. If the GP is not changing, although the molecules could diffuse in and out of the excitation volume, we conclude that there is no difference in lipid packing. In our experiments we use a relatively large concentration of Laurdan so that regions of different packing can be "visualized" using fluctuation analysis as they move as nanometer-size objects in the membrane.
There are different regimes to consider:
i. domains much smaller than the point spread function (PSF); in this case, the amplitude of the GP correlation function should be proportional to the inverse of the number of domains; the relaxation time should depend on the mobility and size of the nano-domains; ii. domains comparable in size to the PSF; the GP fluctuations should tend to be slower but only few domains are present in the PSF, resulting in a larger value in the GP fluctuation amplitude;
iii. very large domains; the GP fluctuations should be absent; however, the domains should become visible in the GP image.
We note that our approach of measuring the GP fluctuations is different than the usual FCS experiment in which the molecular fluctuations are measured and as such it has not been done before. In the conventional approach of looking at molecular fluctuations, the basic idea is to try to decrease the size of the PSF so that small domains carrying a specific marker can be visualized. Here, using a conventional-sized PSF, the number of independent nano-domains is inferred from the amplitude of the GP fluctuation. The diffusion of the entire domain is assumed to be slower than the diffusion of single Laurdan molecules. In our approach we don't need to "anchor" the dye to the domain. On the contrary, the rapid diffusion of the dye in the membrane is beneficial. A crucial difference between measuring the diffusion of Laurdan alone and measuring the diffusion of GP domains is that we can detect packing micro-domain "directly" rather than resolving the diffusion of Laurdan in multiple components and measuring the fraction of molecules in these components (3, 14) We observed GP fluctuations of different amplitude (G GP ) and relaxation time (D GP ) in membranes of live rabbit red blood cells (RRBC) and Chinese hamster ovary (CHO-K1) cells. We show that these GP fluctuations are due to diffusion of small structures (with different GP value than the background) through the illumination volume and may be related to functional rafts. On the basis of our observations we suggest a methodology to study domain size heterogeneity in live cells based on a GP fluctuation map obtained by the plot of the GP autocorrelation parameters G GP versus D GP .
Results

Laurdan GP Fluctuation in RRBC.
We performed experiments to test the existence of Laurdan GP fluctuations in the plasma membrane of RRBC at 37°C. RRBC (8-9 μm in diameter; humans are 3-6 μm in diameter) were chosen because of their size and stability during the measurements. Only round, concave cells were chosen for the measurements. Equinocytes were excluded. As controls we used giant unilamellar vesicles (GUVs) of Palmitoyl oleoyl phosphatidyl choline (POPC) at 25°C. At this temperature, far away from the reported Tm of −5°C (15, 16) , POPC presents a homogeneous liquid crystalline phase, and therefore no GP fluctuations are expected (an example is discussed in Fig. 1 for molecule 1).
In this work we are using scanning FCS rather than singlepoint FCS. Two-photon SimFCS (sFCS), a method originally described by Berland (17) , is particularly useful for working with membranes (18) because it measures the intensity along an orbit at several positions in the membrane without detectable photobleaching (8, 9) . Representative results of applying this combined methodology are shown in Fig. 2 for POPC GUVs (Fig. 2 A-C) and RRBC (Fig. 2 a-c) . One initial image was taken at the equatorial center of the GUV (Fig. 2A) or the RRBC (Fig. 2a) . The orbit for the sFCS measurements was positioned in this image to cross twice the bilayer (red circle).
From the Laurdan intensity carpets (see Methods), the experimental autocorrelation (AC) for the independent channels (AC-CH1 and AC-CH2) and the cross-correlation (CC) of the two channels (CC-CH1-CH2) were obtained (Fig. 2B, b) . Because it is the same molecule that produces fluctuations in the two channels, the individual autocorrelations and the cross-correlation curves overlap for the two systems as shown in Fig. 2B , b. This result shows that the cross-correlation of the two channels is not meaningful in these experiments. The experimental intensity AC curves for POPC were fitted using the equations for two diffusing species, and the average values for the D Lau of Laurdan were equal to 4.5 þ ∕ − 1.5 μm 2 ∕s and 0.08 þ ∕ − 0.04 μm 2 ∕s (N ¼ 64), the larger value is expected for Laurdan in POPC at 25°C (Fig. 2B ) and the second component we attributed to fluctuations produced by movements of the GUVs during the measurements. For Laurdan inside the RRBC at 37°C we obtained a single value of 0.10 þ ∕ − 0.04 μm 2 ∕s (N ¼ 66). The errors are calculated using the standard deviation of measurements on different cells. The Laurdan GP carpet contains the information about the fluctuations of the Laurdan GP value in the membrane which are sensitive to the local lipid packing. As expected for a homogeneous phase, the AC analysis of the GP carpet (see Methods) for POPC at 25°C did not show autocorrelation (Fig. 2C) . Instead, the analyses of the GP carpet corresponding to the RRBC membranes did show autocorrelation (Fig. 2c) . The Laurdan GP fluctuations found in the RRBC membranes were not uniform. For the same cell at several locations and for different cells, the autocorrelation analysis shows fluctuations with different amplitude and apparent D GP .
We tested whether the GP fluctuations are due to the diffusion of nano-domains or rather to static fluctuations, for example, due to changes of Laurdan spectrum without a real motion. A common method to distinguish diffusion from static fluctuations is to systematically enlarge the PSF [see, for example, Didier Marguet et al. (14)]. If the relaxation is due to diffusion, the relaxation time becomes longer when the size of the PSF is increased. Instead static fluctuations should only decrease in amplitude when the PSF is enlarged without changing the relative time. A simple method (19) to enlarge the PSF in scanning FCS is to systematically average neighboring points along the orbit as to effectively broaden the PSF. We observed a decrease in D GP with pixel size (Fig. S1) , which is the signature for the diffusion of nano-domains. The time constant obtained from the GP autocorrelations corresponds to the D GP of structures moving through the PSF.
The parameters D GP and G GP for the GP analysis of all measurements in the RRBC are shown in Fig. 3 A and B . The total number of membranes measured was 64, 40 of which showed GP autocorrelation. Fig. 3A shows a large distribution of D GP , suggesting the existence of structures with different sizes. In Laurdan GP Fluctuation in CHO-K1 Cells. We applied the same methodology to test the existence of GP fluctuation in another cell type. CHO-K1 cells were grown to 70% confluence to allow the observation of single-cell membranes and kept at 37°C during the measurements. We examined 15 cell membranes, 10 of which present autocorrelation. The average GP value for the membrane was 0.4, as reported before (6) . The parameters D GP and G GP for the GP analysis of all the data are shown in Fig. 3 C and D . The D GP observed in control CHO cells (Fig. 3C) shows a narrower distribution than the one observed on RRBC (Fig. 3A) , suggesting the existence of structures with more homogeneous sizes in this cell type. For comparison purposes in Fig. 3D (Fig. 3D) , suggesting a narrower size distribution of the domains in this cell type. To observe the effect of cholesterol in the distribution of the GP domains, we incubated CHO cells with rHDL particles for 2 h in order to remove cholesterol from the plasma membrane (16) . After the treatment, the distribution of the fluctuations in CHO cells ( Fig. 3D, open squares) changed in the direction of either slow fluctuations with large amplitudes or fast fluctuations with small amplitude, supporting the role of cholesterol to modify the size of the membrane domains.
Discussion
Functional lipids domains in vivo are conceived as tightly packed islands (sterol-and sphingolipid-enriched) immersed in a more fluid background. These domains of different sizes (10-200 nm) and highly dynamic (1) would create in the membrane heterogeneity in fluidity and composition. The focus of this work was to detect packing heterogeneity in the membrane of erythrocytes at the nanoscale using a methodology that combines two techniques: the high temporal resolution of sFCS and the sensitivity of Laurdan GP to membrane fluidity. In this approach we are not looking at clusters of proteins or the diffusion of single lipids, but we directly detect fluctuations in lipid packing.
For this study, we used a simple biological system, red blood cells. Earlier studies by Haverstick and Glaser on rabbit erythrocytes labeled with NBD-phospholipid (20, 21) using fluorescence digital imaging microscopy showed uneven distribution of the phospholipids in the membrane and attributed this heterogeneity to the presence of membrane domains of 1-2 μm in size. Fluorescent antibodies for CyaA (adenylate cyclase toxin) from Bordetella pertussis were used to identify rafts (regions rich in sphyingomyline and cholesterol easily disrupted by methyl-betacyclodextrin) as binding sites on sheep erythrocytes (22) . Using Laurdan GP, imaging authors agreed on the observation that the plasma membrane of erythrocytes has similar fluidity than nucleated cells but does not show macrodomains separation in vivo. However the distribution of the Laurdan GP histogram suggested the existence of domains smaller than the pixel size (5).
Our results show that traditional autocorrelation analysis of Laurdan intensity fluctuations do not give information about lipid packing or domain existence. It gives information about the mobility of the Laurdan in the membrane as it moves in and out of the excitation volume. Our measurements indicate that Laurdan moves approximately 4 times slower in the erythrocyte membrane at 37°C than in the POPC bilayer at 25°C, a result that includes the effect of temperature and membrane composition.
The information about lipid packing domains in the membrane is given by the Laurdan GP fluctuations, detected only in the membranes of intact erythrocytes. Using the PSF scaling method analysis (19) , we demonstrated the origin of the fluctuations being the diffusion of small structures with different Laurdan GP.
Diffusion and molecular sizes are related by the StokesEinstein equation. However, the application of this relationship is not possible when working with cells, where the mobility of the molecules is affected by other parameters such as cellular compartmentalization, binding of the protein to cellular structures, local viscosity, and the possible interactions with the intracellular matrix in the case of membrane proteins. For example, GFP expressed in cells show four times slower D than in solution (23) . Proteins and protein complexes of different sizes show similar mobility (23) . The D GP of the GP fluctuations found in the RRBC membranes falls in the same range of the values reported for proteins in membranes (23) and ribosomes (19) ; therefore, it is not possible to determine the size of the structure behind the GP fluctuations using only the D GP .
Considering the correlation plot of G GP and D GP and the relationship between G GP and the size of the PSF, we propose a possible scenario to explain the origin of Laurdan GP fluctuations. Fig. 4 shows the plot of G GP versus D GP for all measurements done in RRBC and CHO cells. This plot can be divided in four areas as shown in Fig. 3B .
Fast fluctuations with small amplitude: We propose that these conditions correspond to many small domains in the volume of observation. Using the average G GP value for these fluctuations and the gamma factor for the PSF intensity profile model used (γ ¼ 0.3545) (24), we calculated an average of approximately 23 independent equal structures moving through the PSF. Using a simple geometrical calculation assuming circular illumination volume and circular structures of the same size passing through, we can estimate that these fluctuations are produced by structures with radii in the range of approximately 25 nm (25) . Slow fluctuations with large amplitude G GP : Big domains move slowly. The estimated average number of equal circular structures in this case is approximately three because the G GP is large and the average estimated radius is about 78 nm (26) .
Slow fluctuations with small amplitudeG GP : These fluctuations will correspond to even larger domains, almost the size of the illumination volume (W 0 ¼ 300 nm) that slowly move through it; we can estimate a size for them between <300 nm and >78 nm. No detectable fluctuations: This situation corresponds to membranes showing no GP fluctuations (38% in RRBC) and represented with a black point at (0,0) in the plot in Fig. 3B . This region of the plot corresponds to domains larger than the illumination volume (>300 nm) that will not show fluctuations due to their size, although the Laurdan molecules are moving.
We postulate that the plasma membrane of live RRBC contains high-GP domains (tightly packed) moving (diffusing) in a background lipid phase with lower-GP (less packed). In the same cell, these domains can have different sizes and different mobility. We estimate the sizes ranging from >300 nm to 25 nm.
The GP fluctuations found in the membranes of CHO cells are in the same temporal range of the ones founded in RRBC; however, the distribution is different. According to our model, the GP domains in CHO cells are in the range greater than 78 nm and less than 300 nm. Interestingly, our preliminary results show that cholesterol removal from the membrane decreases the size of the GP domains to a range between 78 and 25 nm. However, further studies are needed to relate the changes in domain size observed in this study with the mechanisms involved in cholesterol homeostasis in vivo. Several players including ABCA1 transporter have to be carefully considered.
Our results point to the existence in the plasma membrane of RRBC and CHO cells of structures with properties similar to the present definition of membrane raft: "small (10-200 nm), heterogeneous, highly dynamic, sterol-and sphingolipid-enriched domains" (1) , suggesting that the GP fluctuations report here may be related to functional rafts in the plasma membrane of RRBC.
We propose the plot of D GP versus G GP as a way to study membrane heterogeneities in live cells. This map of Laurdan GP fluctuations may change under stimulus such as cholesterol removal; for example, the sizes of these domains may change, fuse, become smaller, or change packing (GP value). Different cells may have similar or different GP fluctuation map according to the organization of their membrane and the particular stage of the cell cycle. Using the approach presented here could allow observing changes in the distribution of this map in an easy, straightforward manner when cells are treated under different experimental conditions of biological or biophysical importance.
Material and Methods
Materials. An amount of 6-lauroyl-2-(dimethylamino) naphthalene (LAURDAN) was purchased from Molecular Probes (Eugene, OR). Defibrinated rabbit blood with no additives or preservatives was obtained from the Colorado Serum Company. Erythrocytes were isolated by centrifugation and resuspended to the original hematocrit in PBS buffer (10 mM Na 2 PO 4 , pH 7.5) containing pH 147 mM NaCl and 3 mM KCl and kept at 37°C. Samples were diluted to hematocrit 0.2% in PBS containing 0.4 μM Laurdan, incubated 15 min and observed under the microscope at 37°C. CHO-K1 were seeded in MEM supplemented with penicillin/streptomycin solution (100 units∕mL) and 10% FBS at 37°C in a 5% CO 2 atmosphere. Cells were grown until 70% confluence and Chol removal induced by incubation for 2 h with 96 Å rHDL (reconstituted HDL particles) 300 μg∕mL for 2 h in serum-free medium (5) . Next, cells were washed with PBS and incubated for 15 min at 37°C with Laurdan to a final concentration 1 μM in Dulbecco modified Eagle medium (DMEM) with 2.5% FBS, washed, and kept in DMEM at the same temperature during the observation time in a thermostatized microscope stage.
Methods. POPC GUVs were fabricated by the electroformation method, originally designed by Angelova et al. (12, 27) . For the GP, FCS measurements fluctuations due to the movement of the GUV must be avoided. GUVs were formed in a specially designed chamber, where the platinum wires are in contact with the cover slide used to seal the chamber. In this configuration the liposome grow attached to the wire and to the glass, and their movement is restricted.
Laurdan GP Imaging/sFCS. Laurdan GP images and the combined Laurdan GP/scanning FCS data were collected on a two-photon fluorescence microscope with a two-channel detection system previously described (28) . A mode-locked titanium sapphire laser (Mira 900; Coherent) pumped by a frequency-doubled Nd: Vanadate laser (Verdi, Coherent) and set to 780 nm was used as the two-photon excitation source. The laser was guided by x-y galvanoscanner mirrors (Cambridge Technology) to achieve beam scanning in both x-y directions and circular orbit. A LDAchroplan 60X long working distance water objective 1.2 NA (Olympus America Inc.) was used. The samples received from 0.5 to 1.5 mW of the excitation light. The fluorescence emission was observed through a broad band-pass filter with a pass band from 350 nm to 600 nm (BG39 filter, Chroma Technology, Brattleboro, VT). The fluorescence was split into two channels using a Chroma Technology 470DCXR-BS dichroic beam splitter in the emission path. Interference filters Ealing 440 AE 50 nm and Ealing 490 AE 50 nm were placed in the emission paths to isolate the two areas of the Laurdan emission spectrum, respectively. A two-channel detection system was attached and two miniature photomultiplier (R5600-P, Hamamatsu, Bridgewater, NJ) were used for simultaneously detection of the two channels in a photon counting mode. Corrections for the wavelength dependence of the emission detection system were accomplished through the comparison of the GP value of a known solution (Laurdan in DMSO) (29) .
For the single-point FCS measurements, a 64 kHz sampling frequency was used. For the scanning FCS measurement, the center of the circular scanning path was selected from the fluorescence image. The data acquisition frequency was set at 64 kHz, with a 1-ms orbit period and a radius of 1.52 μm. Sixty-four data points, corresponding to 64 locations, were collected in each scanning orbit.
Data Acquisition. Fig. 5 shows a diagram for the acquisition and analysis of the sFCS data using the two-channel detection system. Fig. 5A shows the intensity image from one of the channels (CH1 at 440 nm) of a RRBC to indicate the circular orbit used for the sFCS measurements (red circle drawn on top of a RRBC). The orbit starts where the white point is located, and it moves clockwise crossing twice/period the RRBC membrane. The intensities from the two emission channels are saved as two independent traces (CH1 and CH2 traces in Fig. 5B ).
Data Analysis. Data were analyzed in two ways: (i) Classical sFCS analysis: From the independent traces (CH1 or CH2), data segments were transposed to form a fluorescence intensity matrix as a function of time known as an intensity-carpet (Fig. 5 C1, C2 ) (18, 19) . Each vertical column in the carpet contains the intensity at 64 positions sampled every 1 ms. The two vertical bright lines observed in the intensity carpets C1 and C2 and in Fig. 5 correspond to the intensity of the Laurdan inside the erythrocyte membrane that have been crossed twice by the circular orbit of the laser as indicated in Fig. 5A . The analysis of these two bright columns contains information on the Laurdan intensity fluctuations. The autocorrelation analysis gives the D Lau and the number of molecules of Laurdan in the membrane; (ii) sFCS/GP analysis: Intensity traces (Fig. 5B) are processed using the GP function ½ðCH1 − CH2Þ∕ðCH1 þ CH2Þ (9) and a GP trace is generated (Fig. 5B) . Similarly to the process described previously a GP-carpet is created (Fig. 5C3) . The two vertical lines corresponding to the membrane contain information on the GP fluctuations. Autocorrelation analysis applied to the vertical lines reports provide the D GP and the G GP , quantities related to the mobility and number of structures responsible for the GP fluctuations. Experimental autocorrelation functions were fit using a 3D-Gaussian intensity profile model (24) . The point spread function (PSF) was calibrated using point FCS measurements of fluorescein in Tris pH > 9 and 25°C assigning a D ¼ 300 μm 2 ∕s. Typical w 0 values were 0.29-0.35 μm. The SimFCS software (Laboratory for Fluorescence Dynamics) was used for all data analysis.
Laurdan GP Images. GP images were generated using the same experimental setup used for sFCS measurements but directing the laser in a raster scanning motion. Two simultaneous mages (using the two emission channels) were obtained to generate the GP image by applying the GP formula pixel by pixel. The Laurdan GP value reported corresponds to the average of the Gaussian fitting of the histogram GP value v/s pixels obtained from the Laurdan GP image (12) .
PSF Scaling Analysis for GP Fluctuations. In this type of analysis, the point spread function (PSF) is artificially changed by binning adjacent pixels and then calculating the characteristic correlation time of the data averaged (19) . The GP carpet (Fig. 5C3) is used for this analysis. In this representation, the positions corresponding to the membrane are analyzed, the center position is chosen and the program (sFCS) is set to bin three, five, seven, or nine adjacent columns to calculate the average diffusion coefficients after each binning operation. Because the orbit spans regions inside and outside the cell, data can be analyzed at different locations along one orbit as controls. 
